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(54) Auto-ignition system and method for premixed gas turbine combustors. 

(57) A method and system for auto-igniting the 
pilot section of a gas turbine combustor prior to 
down-loading the turbine from base load oper- 
ation. A liquid fuel is employed that has an 
auto-ignition temperature which is less than the 
temperature of air which enters into the recircu- 
lation zone of the pilot section. The liquid fuel is 
injected into the recirculation zone and auto- 
ignites, causing natural gas fuel which is also 
being injected into the pilot section to burst into 
flame, creating a diffusion flame in the pilot 
section. This permits operation of the pilot sec- 
tion in a premix mode where natural gas fuel 
mixes with air without a flame during base load 
operation, thus providing for low production of 
NOx emissions, while ensuring maintenance of 
a flame in the combustor when the flame in the 
main burn section of the combustor is exting- 
uished to allow for turbine unloading. 
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This invention relates generally to gas turbines, and more particularly to systems and methods for igniting 
the pilot section of a combustor, following operation of the pilot section in a premix mode where natural gas 
fuel mixes with air without combustion. 

Many gas turbine power plants comprise a number of combustors, wherein each combustor has multiple 

5 burning zones, such as a pilot section and a main burn section, which is adjacent to and downstream of the 
pilot section. For example, gas turbines of the W 501 D5 type, manufactured by Westing house Electric Corpor- 
ation, employ 14 combustors axially mounted about the longitudinal axis of the gas turbine, each combustor 
comprising a pilot section and a main burn section. 

Regarding the W 501 D5 gas turbine, during turbine start-up conditions, natural gas fuel is injected sepa- 

10 rately into both the pilot section and main burn section of each combustor. Electrical igniters are provided in 
the pilot section of two of the fourteen combustors. When these electrical igniters are fired, a flame is created 
in the pilot section, as the gas injected into that pilot section mixes with the surrounding air and burns. This 
flame is referred to as a diffusion flame since mixing of the fuel with the air occurs via a diffusion process. 
Hot combustion products from the lit pilot section flow into the associated main burn section, causing the natu- 

15 ral gas fuel injected into that section to combust and burn. 

In order to create a diffusion flame in the pilot sections of the remaining non-lit combustors, cross flame 
tubes are provided which connect the pilot sections of two adjacent combustors. As a result of the combustion 
process taking place in the pilot sections of the two electrically lit combustors, the pressure in these pilot sec- 
tions increases above the pressure level in the pilot section of the neighboring, non-lit combustor. This pressure 

20 differential forces hot combustion gases to flow through the cross flame tubes and into the pilot section of the 
neighboring combustor. As these hot gases enter the pilot section of the neighboring combustor, the natural 
gas ignites and creates a diffusion flame in the pilot section. Accordingly, hot gas from that pilot section flows 
downstream into the adjacent main burn section, igniting the natural gas fuel which is injected into that main 
burn section. This procedure continues until all neighboring combustors are lit. At this point, the pilot sections 

25 are said to operate in a diffusion burn mode and the main burn sections operate in a lean burn mode. 

Some time after turbine start-up, after all of the combustors have been lit, the turbine reaches base load 
operating conditions. At this point it is undesirable to maintain operation of the combustors with the pilot section 
in the diffusion burn mode, as undesirable levels of nitrogen oxide emissions are known to be produced during 
this type of operation. High levels of NOx emissions are produced when the pilot section operates in the dif- 

30 fusion burn mode since the injected natural gas fuel burns at a relatively high temperature. 

Alternatively, it is known that, during operation of the turbine at base load conditions, NOx emission levels 
are reduced when the pilot section operates in a premixed mode. During premix mode operation the natural 
gas fuel is injected into the pilot section where it mixes intimately with inlet air in the pilot section without com- 
bustion. After mixing in the pilot section, the natural gas fuel-air mixture flows into the main burn section where 

35 it contacts the hot gases there and combusts and burns. Since the natural gas fuel-air mixture burns at a rel- 
atively low temperature, NOx emissions are reduced when compared with operation of the pilot section in the 
diffusion mode. This reduction in NOx emission levels may be as large as 40%. 

Accordingly, to operate the turbine at base load conditions with the pilot section in a premix mode, it is 
necessary to extinguish the diffusion flame in the pilot section of each combustor, in order to shift from diffusion 

40 mode operation to premix mode operation. In order to extinguish the diffusion flame, the flow of the natural 
gas fuel into the pilot section is reduced until flame-out of the diffusion flame occurs. At this point, since natural 
gas fuel is independently injected into the main burn section, the main burn section continues to burn fuel there. 
Following flame-out of the diffusion flame, the flow of natural gas fuel into the pilot section is returned to op- 
erational levels and the natural gas fuel mixes with inlet air and flows into the main burn section at a low tem- 

45 perature. During this premix mode operation, the velocity of the natural gas fuel-air mixture in the pilot section 
is greater than the flame velocity of the flame generated by burning of the natural gas fuel in the main burn 
section. Therefore, flashback of the flame into the pilot section is prevented and a flame in the pilot section 
will not be present during premix mode operation. 

During periods where it is necessary to operate the turbine at other than base load conditions, the turbine 

50 is unloaded by decreasing the flow of natural gas fuel injected into the main burn section to the point of flame- 
out in that section. However, prior to unloading it is necessary to reestablish a diffusion flame in the pilot sec- 
tion. This is necessary in order to maintain stable operation such that, when it is time to return the turbine to 
base load operation, there is still a flame in each combustor. 

As stated previously, prior to flame-out in the main burn section, a diffusion flame cannot be reestablished 

55 in the pilot section using the flame in the main burn section, since the velocity of the natural gas fuel-air mixture 
in the pilot section is greater than the flame velocity. Also, auto-ignition of the natural gas fuel in the pilot section 
during premix mode operation is not a possible method of reestablishing a diffusion flame, as the temperature 
of the inlet air, which is approximately 700°F (371 °C), is less than the auto-ignition temperature of natural gas 
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fuels, which is greater than 1000°F (538°C). 

The likelihood of successfully utilizing the two electrical igniters in conjunction with the cross flame tubes, 
as done during turbine start-up, to reestablish the diffusion flame in the pilot comb ustor is low. During premix 
mode operation, where the pressure in each combustor is approximately the same, the feasibility of cross- 
5 igniting due to a pressure differential across the cross flame tubes is speculative and therefore unreliable. 

In the alternative, the diffusion flame could be reestablished by placing a non-retractable electrical igniter 
in the pilot section of each combustor. However, this presents a reliability problem in that the igniter may fail 
to spark. Also, for those gas turbine power plants which employ a number of combustors, the overall operational 
cost, as well as the chance of failed ignition, increases. 
10 Therefore, there is a need for a system for reestablishing a diffusion flame in the pilot section of a com- 

bustor of a gas turbine power plant following operation of the pilot section in a premix mode where natural gas 
fuel mixes with air without combustion. The present invention provides a system which satisfies this need. 

A method for operating a gas turbine in accordance with the present invention comprises the steps of re- 
ducing the flow of natural gas fuel into the pilot section of each combustor until flame-out of the diffusion flame 
15 occurs in the pilot section, reinjecting the flow of natural gas fuel into the pilot section, providing inlet air into 
the recirculation zone of the pilot section through inlet air vents, mixing the natural gas fuel with the inlet air 
in the recirculation zone prior to entry into the main burn section of the combustor, and injecting a flow of liquid 
fuel into the pilot section in a manner such that the liquid fuel flows into the recirculation zone. Since the liquid 
fuel has an auto-ignition temperature which is less than the temperature of the inlet air, the liquid fuel auto- 
20 ignites causing the natural gas fuel to burst into flame to reestablish a diffusion flame in the pilot section. 

FIG. 1 shows a side elevational view of an industrial gas turbine employed in power plant equipment ar- 
ranged to operate in accordance with the present invention. 

FIG. 2 shows the combustor arrangement employed in the gas turbine of FIG. 1 . 

FIG. 3 is a cross-sectional view of a combustor arranged to operate in accordance with the present inven- 

25 tion. 

FIG. 4 shows the nozzle arrangement at the upstream end of a combustor shown in FIG. 3. 

FIG. 5 shows a schematic representation of the operation of the nozzle arrangement shown in FIG. 4. 

FIG. 6 shows a flow chart of a method in accordance with the present invention. 

Combustion or gas turbine 100 constructed and arranged in accordance with the present invention is 
30 shown in FIG. 1. In the embodiment described herein, gas turbine 100 is preferably the type manufactured by 
Westinghouse Electric Corporation and is a simple cycle type having a rated speed of 3600 rpm. As will be 
apparent from the drawing, turbine 100 includes a two bearing single shaft and axial exhaust. 

Referring to FIGs. 1 and 2, pressurized air from compressor 102 is directed into combustion cylinder 104, 
comprising a total of fourteen can-annular combustors 106 axially mounted within a section 108 of casing 110 
35 about the longitudinal axis of gas turbine 100. As shown in FIG. 3, combustor 106 comprises a pilot section 
112 and a main burn section 114, main burn section 114 being downstream and adjacent to pilot section 112. 
Dual fuel nozzle 116 is mounted at the upstream end of pilot section 112 for providing fuel into pilot section 
112. As shown in FIG. 4, nozzle 116 comprises nozzle 118 for injecting natural gas fuel into pilot section 112 
and nozzle tip 120 for injecting liquid fuel into pilot section 112. 
40 As shown in FIG. 5, in a preferred embodiment of the present invention, nozzle 120 injects liquid fuel par- 

allel to the longitudinal axis, along the center-line, of combustor 106. Nozzle 120 injects the liquid fuel into re- 
circulation zone 124. Nozzle 118 injects natural gas fuel at an acute angle, ranging from 30 to 60 degrees, in 
relation to the longitudinal axis of combustor 106. 

Referring once again to FIG. 3, natural gas fuel is injected into main burn section 114 by nozzles 121. Inlet 
45 air enters recirculation zone 124 of pilot section 112 through fixed-geometry inlet air holes 125. 

During turbine start-up conditions, nozzle 118 injects natural gas fuel into pilot section 112 and nozzles 
121 inject natural gas fuel into main burn section 114. Igniters 128 and 129, located within pilot section 112 of 
two of the fourteen combustors 106, are fired, causing combustion of the natural gas fuel in the two associated 
pilot sections and creation of a diffusion flame at nozzle 116. The hot gas in pilot section 112 flows into the 
50 associated main burn section 114 of combustor 106, causing the natural gas fuel injected by nozzles 121 into 
main burn section 114 to burst into flame and burn. At this point only the two combustors having igniters 128 
and 129 are lit. 

Referring specif ically to FIGs. 2 and 3, for ignition of the remaining non-lit combustors during turbine start- 
up conditions, combustors 106 are shown to be connected by cross-flame tubes 126, which provide a passage 
55 for hot gas into pilot section 112 of each combustor at entry point 127. As pressure builds in the two electrically 
lit combustors, hot gas from the associated pilot section 112 is forced through cross flame tubes 126. The hot 
gas enters the neighboring, non-lit combustors at entry point 127 and creates a diffusion flame in pilot section 
112 of each combustor 1 06. Accordingly, the hot gas from the pilot section 112 flows into the main burn section 
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114, causing combustion of the natural gas fuel in the associated main burn section. At this point, pilot section 
112 is said to operate in a diffusion mode and main burn section 114 operates in a lean burn mode. 

In order to reduce the level of NOx emissions when turbine 100 reaches base load conditions, operation 
of pilot section 112 is shifted from the diffusion mode of operation to the premix mode of operation. In order 

5 to shift to the premix mode of operation, the natural gas fuel flow through nozzle 118 is reduced until flame- 
out occurs in pilot section 112 and the diffusion flame at nozzle 118 is extinguished. At this point, the natural 
gas fuel injected into main burn section 114 by nozzles 121 should, at the least, be held constant to assure 
proper burning in the aft end of the combustor 106. It is also feasible to increase the flow of natural gas fuel 
into main burn section 114 by the amount of natural gas fuel that is reduced in pilot section 112. 

10 After the diffusion flame is extinguished in pilot section 112, the flow of natural gas fuel into pilot section 

112 through nozzle 118 is increased to begin premix mode operation. The natural gas fuel mixes with inlet air 
at recirculation zone 1 24, without combustion due to the absence of a diffusion flame. Upon exiting pilot section 
112, the natural gas fuel-air mixture contacts the hot gases generated by the burning of the natural gas fuel 
in main burn section 114. At this point, the natural gas fuel-air mixture burns in a lean fashion and generates 

15 low levels of NOx. 

Natural gas fuel, which typically contains 95% methane, along with ethane and propane, as its primary 
constituents, has an auto-ignition temperature of approximately 1000°F (538°C), which is greater than the tem- 
perature of the inletair, approximately 700°F (371°C), flowing into recirculation zone 124. Thus, during the pre- 
mix mode period of operation, the natural gas fuel injected into pilot section 112 will not auto-ignite in that sec- 
20 tion. 

When it is desirable to operate the turbine at other than base load conditions, the flow of natural gas fuel 
through nozzles 121 into main burn section 114 is reduced to the point of flame-out of the flame in main burn 
section 114. Prior to reducing the flow of fuel tothe main burn section 114, a diffusion flame must be reestab- 
lished in pilot section 112, in order to maintain a flame in combustor 106. Accordingly, liquid fuel is injected 

25 through nozzle tip 120 into recirculation zone 124 of pilot section 112. Various liquid fuels may be used, such 
as #2 distillate and commonly known special fuels, with # 2 distillate being the preferred liquid fuel. Since the 
auto-ignition temperature of #2 distillate liquid fuel is approximately 450°F (232°C), as the liquid fuel is injected 
into recirculation zone 124 and contacts the inlet air, having a temperature of approximately 700°F (371°C), 
the liquid fuel ignites causing combustion of the natural gas fuel and the creation of a diffusion flame in pilot 

30 section 112. Accordingly, the engine can then be unloaded in the prescribed manner known in the art. 

A method for establishing a diffusion flame in the pilot section of a gas turbine combustor in accordance 
with the present invention is shown in the flow chart of FIG. 6. Following turbine start-up, and after operation 
of the pilot section in the diffusion mode has ceased, natural gas fuel is injected into the pilot section at 200, 
and inlet air is provided in the pilot section. At 202, the pilot section operates in the premix mode where the 

35 natural gas fuel mixes with the inlet air, and the main burn section operates in the lean burn mode, such that 
the gas turbine is operated at base load conditions. Just prior to the end of operation of the gas turbine at base 
load conditions, liquid fuel is injected into the recirculation zone of the pilot section at 204 and a diffusion flame 
is created as the liquid fuel auto-ignites upon contacting the inlet air in the recirculation zone. At 206, after the 
diffusion flame has been created, the main burn section is unloaded such that the turbine operates at low load 

40 conditions. 



IDENTIFICATION OF REFERENCE NUMERALS USED IN THE DRAWINGS 



LEGEND 


REF. NO. 


FIGURE 


INJECT NATURAL GAS FUEL INTO PILOT SECTION; PROVIDE INLET AIR 
INTO PILOT SECTION 


200 


6 


OPERATE GAS TURBINE AT BASE LOAD CONDITIONS; PILOT SECTION 
PREMIX MODE, MAIN BURN SECTION IN LEAN BURN MODE 


202 


6 


INJECT LIQUID FUEL INTO RECIRCULATION ZONE; CREATE DIFFUSION 
FLAME IN PILOT SECTION 


204 


6 


OPERATE TURBINE AT LOW LOAD; UNLOAD MAIN BURN SECTION 


206 


6 



55 



4 



EP 0 592 223 A1 



Claims 

I. A gas turbine power plant having at least one combustor (106), said combustor (106) comprising a pilot 
section (112) and a main burn section (114), said pilot section (112) comprising a recirculation zone (124), 

5 said main burn section (114) being downstream and adjacent to said pilot section (112), said gas turbine 

power plant further having a system for establishing a diffusion flame in said pilot section (112), said sys- 
tem characterized by inlet means for providing inlet air into said recirculation zone (124) of said pilot section 
(112), first nozzle means for injecting a flow of natural gas fuel into said pilot section (112), and second 
nozzle means for injecting a flow of liquid fuel into said recirculation zone (124) of said pilot section (112), 

10 said liquid fuel having an auto-ignition temperature less than the temperature of said inlet air, whereby 

when said second nozzle means injects a flow of liquid fuel into said recirculation zone (124) of said pilot 
section (112), said liquid fuel auto-ignites, causing combustion of said natural gas fuel in said pilot section 
(112) and creation of said diffusion flame in said pilot section (112). 

15 2. The system of claim 1, characterized in that said first and second nozzle means are mechanically joined 
together in a dual fuel nozzle (116). 

3. The system of claim 2, characterized in that said second nozzle means injects said flow of said liquid fuel 
parallel to the longitudinal axis of said combustor (106). 

20 

4. The system of claim 3, characterized in that said first nozzle means injects said flow of said natural gas 
fuel at an acute angle in relation to the longitudinal axis of said combustor (106). 

5. The system of claim 4, characterized in that said acute angle ranges from 30 to 60 degrees. 

25 6. The system of claim 1 , characterized in that said inlet means comprises fixed geometry air vents (125). 

7. The system of claim 1, characterized in that said natural gas fuel comprises 95% methane, along with 
ethane and propane as its primary constituents. 

30 8. The system of claim 1 , characterized in that said liquid fuel comprises #2 distillate fuel. 

9. In a gas turbine power plant having at least one combustor (1 06), said combustor (1 06) comprising a pilot 
section (112) and a main burn section (114), said pilot section (112) having a recirculation zone (124) and 
comprising inlet airvents (125) for providing inletairinto said recirculation zone (124), said main burn (114) 

35 section being downstream and adjacent to said pilot section (112), a method for establishing a diffusion 

flame in said pilot section (112), the method characterized by the steps of injecting a flow of natural gas 
fuel into said pilot section (112), providing inlet air into said recirculation zone (124) through said inlet air 
vents (125), operating said pilot section (112) in a premix mode where said natural gas fuel mixes with 
said inlet air without combustion in said pilot section (112), and injecting a flow of liquid fuel into said re- 

40 circulation zone (124) of said pilot section (112) just prior to the end of operation of said pilot section (112) 

in said premix mode, said liquid fuel having an auto-ignition temperature less than the temperature of said 
inlet air, whereby said liquid fuel is auto-ignited in said recirculation zone (124) and said natural gas fuel 
bursts into flame to establish said diffusion flame in said pilot section (112). 

10. The method of claim 9, further characterized in that the step of operating said main burn section in a lean 
burn mode during operation of said pilot section in said premix mode. 

II. The method of claim 10, characterized in that the mixture of said natural gas fuel and said inlet air flows 
into and burns in said main burn section during operation of said pilot section in said premix mode. 

50 
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file:///CI/Documents%20and%20Settings/CPrice/My%20Do...0138_2010-02-27_EP_592223_Al_M_AccessibleVersion.htm (2 of 2)2/27/10 4:26:14 PM 



